Stem bark, roots, leaves and fruits of Pentadesma grandifolia Baker f. (Clusiaceae) have been analyzed for the presence of xanthones, biflavonoids and triterpenoids. Isolated and identified structures include the xanthones cowagarcinone B (1) and α-mangostin (2), further the two biflavanones 3,8''-binaringenin (3) and the corresponding 3,6''-binaringenin (4), which is here reported as natural constituent for the first time. Structures were determined by NMR and mass spectrometry, as well as by 13 C-NMR CSEARCH and SPECINFO database systems. The triterpenes lupeol (5), ß-amyrin (6) and betulin (7) were also encountered. Compounds 2 -4 exhibited antifungal activity against Cladosporium sphaerospermum. Results are discussed in context to organ-specific accumulation and to other bioactivities that may relate to the ethnomedicinal uses of this species.
The family Clusiaceae (Guttiferae) comprises 37 genera with approx. 1600 species [1] . In this family, the genus Pentadesma is represented by three species which occur in evergreen forests of the tropical regions of Africa and America [2, 3] . Both Pentadesma grandifolia Baker f. and Pentadesma butyracea Sabine are native to Cameroon, being trees up to 30 m and more [3, 4] . They are morphologically quite similar, and thus they are frequently confused by the local population and probably also by traditional healers who use them to cure many diseases [2, 5] . The root decoction is used as vermifuge in Côte d'Ivoire, while the bark infusion is used as aphrodisiac and for the treatment of dermatosis in Congo, and boiled extractives are used against diarrhoea [6] . In western parts of Cameroon, roots and stem bark are used to treat fever and malaria [7] . General chemical features of Clusiaceae include formation of xanthones and biosynthetically related benzophenones [8] , as well as biflavonoids [9] . Members of these classes of compounds frequently exhibit biological activities [8, 10] . Pentadesma butyracea, also known as the butter tree, is known for xanthones and triterpenes with various biological activities in its stem bark [11, 12] . Recent studies on P. grandifolia indicated the presence of garcinone E, tovophyllin A and norcowanin [13] . We now report on further constituents from stem bark, roots, leaves and fruits. Antifungal tests were carried out, and bioactivities of isolated compounds are discussed in relation to the ethnomedicinal use of Pentadesma.
Xanthones, biflavanones, and some triterpenes were isolated from different parts of the plant. The results are summarized in Table 1 ; for selected formulae see Figure  1 . Cowagarcinone B (1), (1,6-dihydroxy-3,7-dimethoxy-2-(3-methylbut-2-enyl)-xanthone) is a new report for the genus Pentadesma. This prenylated xanthone was found to accumulate in stem bark, roots and leaves, respectively, but could not be detected in fruits (Table  1) . Compound 1 was recently described from the latex of Garcinia cowa Roxb., a Clusiaceae plant occurring in Thailand, along with a series of further xanthones [14] . α-Mangostin (2) was found in all studied parts of P. grandifolia except fruits ( Table 1 ). The stem bark appears to be the richest source of structurally diverse xanthones. Earlier, xanthones such as garcinone E, tovophyllin A and norcowanin were encountered [13] . It is assumed that these yellow xanthones are latex constituents as has been shown for Garcinia cowa [14] . The same xanthones co-occur in stem bark of Allanblackia monticola Staner, another Clusiaceae taxon [15] , which is closer related to Garcinia than to Pentadesma [1] . Structurally different xanthones, and a dihydroisocoumarin [16] , were reported for Montrouziera sphaeroidea Pancher ex Blanchon & Trianon, a close relative to Pentadesma. Present data do not yet allow chemosystematic interpretation of these diversification patterns.
Two biflavanones based upon the flavanone naringenin were isolated for the first time from the roots of P. grandifolia. The binaringenins 3 and 4 were found to accumulate exclusively in the roots and in the stem bark ( Table 1) . One of them, (3), corresponded to 3,8''binaringenin named earlier GB1a [17] , while (4) was determined as the isomeric 3,6''-binaringenin (4) . The latter compound has been generated once out of the 3,8''-binaringenin by a thermal rearrangement above 100°C [18] , but it has so far not been reported from natural sources. We can exclude such isomerisationprocess to have occurred in our extracts, as these were prepared and separated at RT. Furthermore, the presence of both 3,8''-and 3,6''-binaringenins in crude extracts from roots and stem bark was unambiguously confirmed by HPLC-profiles. (5), β-amyrin (6) and betulin (7) .
These biflavanones are formed by a coupling of two flavanones or of their biosynthetic precursors [19, 20] . The most probable mechanism of the dimerization is an oxidative coupling via a flavanone radical, which attacks a second flavanone by formation of a C-C bond from its C-3 position. The positions 6 and 8 of the Aring are most predestined in the second flavanone for such an electrophilic attack [21] , leading to 3,8''biflavanon and 3,6''-biflavanon structures, respectively. Thus, this biogenetic pathway may also responsible for the formation of the binaringenins of P. grandifolia.
3,8''-Binaringenin (3) has been reported from several other sources [18] [19] [20] [21] [22] . Further structure identification on basis of mass spectrometric and 13 C-NMR spectral measurements was easily accomplished using the combined CSEARCH and SPECINFO database system for spectral similarity searches by application of the SAHO-protocol [23] [24] [25] . Results univocally show the presence of the 3,8''-biflavanon (3) based upon two naringenin units. Existence of the bond between C-3 and C-8'' has been determined by 2 J H-C and 3 J H-C couplings of protons in position 2 and 3, detectable in the HMBC spectrum ( Figure 2a ). Dipolar couplings were not applicable for the structure determination, as the proton in position 3 is far away from protons in the other half of the 3,8''-binaringenin.
The reported spectral data of the synthetic product 3,6''-binaringenin [18] agree with data of our isolated 3,6''-biflavanon (4) . Mass spectrometric measurements show C 30 H 22 O 10 to be the molecular formula and indicate the compound to be a dimer of naringenin. We prove the structure by 2D NMR and determined the bond between C-3 and C-6'' by 2 J H-C and 3 J H-C couplings of protons in position 2 and 3, which show scalar coupling to C-6'' as well as to C-5'', C-6'', and C-7'' respectively ( Figure 2b ). A high resolution mass spectrometric measurement confirms the structure.
The absolute configurations of 3,8''-binaringenins isolated from other sources have often been reported to be in 2S,3R-or in 2R,3S-configuration with antiorientation of the bulky substituents [26, 27] . Only for some isolates an undefined configuration is described [28] . Optical rotation of the two binaringenins isolated from P. grandifolia are [α] D 20 = -35 (3) and [α] D 20 = -11 (4), indicating reasonable enantiomeric excesses. However, we found a doubled set of 13 C NMR signals for both compounds. Considerable line broadening of some signals in 1 H NMR, and accompanied contiguous EXSY-crosspeaks in NOESY spectra portend a hindered rotation in the binaringenin, which was reported earlier for some biflavanoids [26, 29, 30] . The doubled 13 C NMR signals could, however, not be univocally correlated to this dynamic behavior by HSQC and HMBC spectra. The doubled set of 13 C signals may be due to the presence of a diastereomeric mixture. The optical rotation of the 3,8''-binaringenin (3) is in the range of those of earlier reported 2S,3R,2''R-and 2R,3S,2''R-configurations [18, 27] and hence portend the presence of this mixture. A corresponding analogue with 2''S-configuration shows an entirely different optical rotation [18] . For 3,6''binaringenin (4), congruent configurations may be assumed due to co-occurrence of this structural related compound.
Chirality and absolute configuration in positions 2 and 2'' derive from the flavanone biosynthesis. Chirality in position 3, however, is generated through dimerization. During our NMR measurements in CD 3 OD a complete H/D exchange in position 3 occurred within about 10 h. It was detected by disappearance of the H-3 1 H NMR signal as well as by changing of the ~12 Hz 3 J H2-H3 coupling of H-2 to a small 3 J H2-D3 coupling of <1 Hz (Figure 3 ). 13 C NMR signal of C-3 in the deuterated compound also shows the typical 1 J C3-D3 coupling and a diminished signal intensity caused by extended longitudinal relaxation time. This selectively deuterated compound was revealed in a N 2 stream. After reprotonation of its hydroxyl groups in CH 3 OH, electron spray ionization mass spectra indicate the selective H/D exchange of one proton by an indicative increase of m/z +1 in the molecular ion peak. Slightly smaller amounts of molecular ion peaks with increases of m/z +2 and m/z +3 are caused by incomplete re-protonation of one or two hydroxyl-groups in positions 5 and 5''. These OHfunctionalities form stable hydrogen-bridges to their βcarbonyl functions in positions 4 and 4'', respectively.
A comparable exchange at C-3 was reported for similar compounds [29] . The 2S,3R-or 2R,3S-configuration is hence not necessarily solely gained during oxidative coupling. It rather appears that an enol-formation leads to a sp 2 -hybridization at C-3 [29] . Successive keto-formation in H or D rich milieu causes either protonation or deuteration at C-3, respectively. The regressed chiral sp 3 -centre is only formed in the thermodynamically favored anti orientation of the bulky groups at C-3 and C-4, independent of their original orientation.
The stem bark of P. grandifolia yielded further the triterpenes lupeol (5), ß-amyrin (6) and betulin (7) ( Table 1 ). These triterpenoids are common structures with a wide distribution in plants [31] . Compound 6 was earlier reported as bark constituent of the related species P. butyracea [11] . Antitumor and anti-inflammatory activities are reported from 7 and 5 [32] , and the latter compound further shows antihyperglycaemic and hypotensive activity [31] .
Compounds 2, 3 and 4 showed a clear inhibition against Cladosporium in an antifungal bioassay. To our knowledge, antifungal activity has not yet been described for the binaringenin derivatives. Biflavonoids from various plant sources are mainly active as anti-inflammatory agents [10] , but those from Clusiaceae exhibit also other varied activities such as analgesic action [26] , antibacterial [33] , moderate antiplasmodial [34] , and antimicrobial activities [35] . Clusiaceae xanthone derivatives are known for anti-inflammatory, antihepatotoxic and antiviral properties [8] . α-Mangostin (2) showed cytotoxic effects [35, 36] , antifungal activity [33] , and activity against Trypanosoma brucei [34] . Garcinone E is cytotoxic against hepatocellular carcinoma lines [37] . Tovophyllin A, norcowanin and α-mangostin, also occurring in P. grandifolia, exhibited antiplasmodial activity [15] . Butyroxanthones isolated from the stem bark of P. butyracea showed both cytotoxic and antiplasmodial activity [12] . Antiplasmodial activity was reported for benzophenones of trunk latex of the related genus Moronobea [38] , and from seed shells of Symphonia globulifera [39] , another closely related taxon to Pentadesma [1] . It should be expected that similar compounds would also be present in Pentadesma species, particularly as benzophenones are the biogenetic precursors to the xanthones.
The complexity of structures present in Clusiaceae taxa and in the genus Pentadesma certainly account for their various uses in local medicine. It may be assumed that particularly the combination of several bioactive constituents contributes to the activity of plant extracts as a whole, by synergistic action. Extraction and isolation: 500 g of dried and grinded roots was extracted with MeOH twice for 5 days at RT. The extract was filtered and concentrated under reduced pressure, and a part of the residue was partitioned between CHCl 3 and water to yield 4 g of CHCl 3 -phase. The CHCl 3 -phase was roughly separated by column chromatography (CC) on silica gel 60 (Merck, 0.2-0.5 mm) by using a solvent system of petrol ether (PE), ethyl acetate (EtOAc) and methanol (MeOH) with increasing polarity. Fractions yielded by eluting from 100% EtOAc to 20% MeOH in EtOAc were combined (640 mg), of which 300 mg was subjected to MPLC (Merck, silica gel 60, 400x40 mm, 40-60 µm) starting with 30% EtOAc in PE. MPLC fractions eluted with 50% EtOAc in PE (45 mg) were finally purified by preparative TLC (Merck, silica gel 60, 50% acetone in PE). This led to 5 mg of 3 and 6 mg of 4, respectively. 300 g of dried and grinded stem bark have been extracted as described above, and further partitioned between CHCl 3 and water to yield 10 g of CHCl 3 -phase. The lipophilic-phase was extracted further 3 times with 100 mL of 10% EtOAc in PE each to yield 3 g of extract A. The remaining dry CHCl 3 -phase was extracted 3 times with 100 mL of 50% EtOAc in PE to yield 4 g of extract B.
Rough fractionation of 1 g of A by CC (Merck, silica gel 60, 0.2-0.5 mm) with solvent mixtures of PE, acetone and MeOH with increasing polarity led to 26 fractions. Compound 5 (25 mg) crystallized in the combined and concentrated fractions obtained by eluting with 10-15% EtOAc in PE (60 mg). Prep. TLC with 75% PE in EtOAc of the supernatant led to 5 mg 6 and 3 mg of 7. CC of extract B was done in the same way as described above. Crystals in those fractions eluted with 60% and 50% EtOAc in PE have been identified by NMR as cowagarcinone B (1) and αmangostin (2), respectively. All steps were monitored by HPLC as well as by TLC (50% PE in acetone and 50% PE in EtOAc, respectively). On TLC, compounds were visualized using UV detection at 254 nm and 366 nm, with anisaldehyde as spraying reagent. Bioautography with Cladosporium sphaerospermum was done accessorily during this isolation. Small amounts of dried leaves and fruits were treated similarly and used for comparative HPLC and TLC as well as for bioautography. MHz ( 13 C) at 298.1 K +/-0.1 K. For 1D spectra 32k data points were recorded and Fourier transformed to spectra with a range of 7200 Hz ( 1 H) and 30,000 Hz ( 13 C). COSY, TOCSY, NOESY, HMQC, and HMBC spectra were measured by 256 experiments with 1024 data points each. Linear forward prediction, sinusoidal multiplication and Fourier transformation led to 2Dspectra with a range of 7200 Hz and 30,000 Hz for 1 H and 13 C, respectively. CH 3 OH was used as internal standard for 1 H (δ H 3.340) and 13 C (δ C 49.86) spectra.
HPLC:
Mass Spectrometry: Mass Spectra were recorded on a 900S (Finnigan MAT) by direct infusion electrospray ionization in positive and negative mode, respectively. High resolution mass spectra were performed with the same equipment at a resolution of 10,000.
Optical rotation:
This was measured at the sodium D line using a 100 mm path length cell on a Perkin Elmer Automatic Polarimeter 341 (Perkin Elmer Austria).
Structure determination:
Combined CSEARCH and SPECINFO databases running under the CSEARCHprogram were used for spectral similarity searches and prediction of 13 C-NMR spectra [23, 24, 40] . Chemical and Bioactivity studies of Pentadesma grandifolia Natural Product Communications Vol. 5 (7) 
